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A River Continuum Analysis of an Anthropogenically-Impacted 
System: The Little Bear River, Utah 
 
Executive Summary 
 
In September 2012 the Aquatic Ecology Practicum class from Utah State University studied the 51km river 
continuum of the Little Bear River located in northern Utah (Figure 1). The relatively pristine headwaters 
of the river begin in the Wasatch Mountain Range at an altitude of 1800 m. The river flows northward into 
Cache Valley where it terminates in Cutler Reservoir (1345 m elevation). Agricultural development and 
urbanization have modified the natural terrain and chemical characteristics of the river, and Hyrum 
Reservoir, located midway along the gradient causes a discontinuity in river processes. The results from 
analyses of stream condition indicators from up to eleven stations along the gradient were interpreted 
within the context of the River Continuum Concept (Vannote et al. 1980) and the Serial Discontinuity 
Hypothesis (Ward and Stanford 1983). 
 
Physical characteristics of the river were studied by Marc Weston (Chapter 1). The first order stream in the 
headwaters had a width near 1 m, increasing to a width of 8-16 m in the fourth order river at its terminus. 
In the mountainous region (kilometers 0-16) the river gradient decreased from 2.9 percent to 1.4 percent. 
In the lower valley below Hyrum Reservoir the gradient decreased from 0.6 percent to only 0.1 percent 
near Cutler Reservoir. Sediment sizes were near 60 mm in the headwaters, decreased to 16 mm above 
Hyrum Reservoir, and then showed a predictable increase immediately below the reservoir (Figure 2A). In 
the lowest reaches sands and silt dominated the low gradient river. Photos of each study station are shown 
below. 
 
Temperatures and discharge were studied by Andy Pappas (Chapter 2). During fall, headwater base flow 
discharge was near 0.1 m3 sec-1 and this increased to near 0.6 m3 sec-1 above Hyrum Reservoir at kilometer 
26 (Figure 2B). Water release from the reservoir was low with a discharge of 0.03 m3 sec-1 at the station 
below the dam. Tributary inputs, agricultural return flows, and wastewater treatment plant inflows 
increased discharge to 0.81 m3 sec-1 at the lowermost station. Thermistor data from four Utah State 
University monitoring stations indicated that mean temperatures in August were near 12.3°C in the 
headwaters, but increased to 18.6°C in the lowest reaches (Figure 2B). Thermistors deployed during the 
first 20 days of October at additional stations indicated relatively little temperature variation along the 
river, with 8°C water in the headwaters, a 12°C peak below Hyrum Reservoir, and then a decline to near 
10°C in at the lowest stations. 
 
Nutrient concentrations along the river gradient were analyzed by Jason Fuller (Chapter 3). Specific 
conductivity, a measure of natural weathering of the limestone rocks and soils in the region, increased 
nearly continuously downstream from a low of 395 µS cm-1 in the headwaters, to 680 µS cm-1 at the 
lowest station - an increase of 72 percent. In contrast, nitrate concentrations increased from a mean of 95 
µg N L-1 at the three highest stations in the watershed to 1100 µg N L-1 at stations below the wastewater 
treatment inputs from the town of Wellsville and where non-point inputs from agriculture were likely high 
(Figure 2C). This represented an 1100 percent increase in nitrate along the gradient. However, nitrate 
concentrations dropped markedly at the station below Hyrum Reservoir, indicating marked retention in 
the reservoir. Total phosphorus increments were not as high as those of nitrogen, but increased from 16 µg 
P L-1 in the three headwater stations to 70 µg P L-1 at the lowermost stations - a 350 percent increase. The 
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levels in the lower valley exceeded the State of Utah’s threshold criteria of 50 µg P L-1, and thus likely 
contribute to eutrophication problems in Cutler Reservoir. Ratios of total N to total P (TN:TP) indicated 
that phosphorus was likely the limiting nutrient at all stations, but the ratio of dissolved inorganic nitrogen 
to phosphorus (DIN:TP) suggested co-limitation by these nutrients at several stations. 
 
Periphyton and phytoplankton chlorophyll levels along the river continuum were studied by Katie Fisher 
(Chapter 4). On an aerial basis, periphyton represented 98 percent or more of the chlorophyll in the river, 
suggesting that phytoplankton contributed little to autochthonous primary production. Phytoplankton 
chlorophyll levels did, however increase from 1.5 µg L-1 in the mountainous region to 5.0 µg L-1 at the 
lowermost station sampled (Figure 2D), and this increase was most closely correlated with increases in TP. 
Periphyton chlorophyll levels also increased relatively steadily from the headwaters (13.5 µg cm-2) to 48 
µg cm-2 at the next-to-last station in the valley. Periphyton chlorophyll then decreased markedly to 15 µg 
cm-2 at the lowest station, perhaps because of light limitation in this reach (Secchi depth – 0.64 m). 
 
In vitro bioassays were used to study algal nutrient limitation at four sites along the river by Jared Baker 
(Chapter 5). Chlorophyll response after 2.5 days provided the most statistically consistent results (Figure 
2E). In the headwaters (Station 1; kilometer 3.4), neither N nor P alone stimulated algal growth, but N+P 
additions increased chlorophyll concentrations 209 percent above the control treatments. At Stations 6 
and 7, P or N+P stimulated algal growth in the bioassays, and at Station 10 in the lowlands, none of the 
nutrients stimulated chlorophyll production, likely because background dissolved inorganic nitrogen and 
soluble reactive phosphorus concentrations were high at this station (see Chapter 3).  
 
The nitrogen isotopic enrichment of periphyton was studied by Chance Broderius (Chapter 6). Isotopic 
enrichment (δ15N) of periphyton increased from near +3 in the headwaters to near +13 below Hyrum 
Reservoir (Figure 2F), indicative of increasing proportions of anthropogenic nitrogen reaching the river. 
However, below the town of Wellsville and its wastewater discharge, isotopic enrichments decreased 
unexpectedly to between +6 to +9. GIS analysis indicated that 15N enrichment at the different sites was 
significantly correlated with the proportion of the watershed with anthropogenic development (p = 0.04; r2 
= 0.38). 
 
A preliminary analysis of the invertebrates collected by sweep nets from the river was done at four 
stations, and analyzed as part of a group project by the class (Chapter 7). Mayflies (Ephemeroptera, E), 
stoneflies (Plecoptera, P), and caddisflies (Tricoptera, T) were abundant in the upper reaches of the river, 
but decreased steadily. In the lower region the EPT taxa was replaced with an abundance in midges 
(Chironomidae) and Hemiptera. The relative abundance of EPT taxa consequently decreased from 51 
percent at the headwater station to only 7 percent at the lowest station (Figure 2F), indicative of a decrease 
in water quality and/or because of changes in substrate size that were more conducive for midge larvae.  
 
The fish community in the river was studied at four stations by Christian Smith using 2-pass backpack 
electroshocking (Chapter 8). Eleven species and 408 individuals were captured. With the exception of 
mottled sculpin (n= 241) native species were rare, with only three Bonneville cutthroat trout and eight 
white suckers captured. Introduced brown trout (n =129) represented the highest biomass of fish in the 
river with their biomass decreasing progressively from the headwaters to absent at the lowest station 
sampled (Figure 2G). At this lowest reach the fish community consisted entirely of introduced warm-water 
species (common carp, green sunfish, largemouth bass and sand shiners) but the overall biomass captured 
there was low (Figure 2G). One tiger trout and one rainbow trout were also captured at Station 7 below 
Hyrum Dam.  
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Figure 2. A. Elevation and mean 
sediment size changes along the river 
gradient. Numbers at the top of the 
frame show sampling stations, and 
the shaded blue rectangle between 
27 and 30 kilometers show the 
location of Hyrum Reservoir. 
 
B. Discharge and temperature 
changes along the gradient. 
 
 
 
C. Dissolved inorganic nitrogen 
(DIN), total nitrogen (TN) and total 
phosphorus (TP) concen- trations. 
The arrow on the left axis shows 
Utah’s TP criteria. 
 
 
D. Changes in chlorophyll 
concentrations in periphyton (left 
axis) and phytoplankton (right axis) 
along the river gradient. 
 
 
 
E. Response of phytoplankton 
chlorophyll levels relative to controls 
(100 percent) after 2.5 days in a 
laboratory bioassay of water 
collected from four stations. 
 
 
F. Changes in the isotopic 
enrichment of 15N at eleven stations 
along the gradient (left axis). 
Changing percentage of 
Ephemeroptera, Plecoptera and 
Tricoptera (EPT) as a fraction of the 
total invertebrates sampled. 
 
G. Changes in the biomass of trout 
(primarily brown trout; left axis), 
mottled sculpins and warm water 
fishes (right axis) along the gradient. 
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Table 1. Geographic information (latitude, longitude, elevation above sea level) for sites used in our 
analysis for the Little Bear River Continuum Study, WATS 4510, 2012. 
Station Station Name 
Distance 
Downstream (km) 
Elevation (m) Latitude Longitude 
1 Headwaters South Fork 00.0 1799 41°25.637’ -111°50.105’ 
2 Canyon South Fork 03.4 1699 41°27.136’ -111°49.864’ 
3 Below Davenport Creek 12.4 1549 41°30.872’ -111°48.758’ 
4 Avon 15.8 1501 41°32.098’ -111°49.828’ 
5 Pishgah Road Bridge 22.4 1479 41°34.534’ -111°51.321’ 
6 Above Hyrum Reservoir 26.2 1427 41°36.238’ -111°51.167’ 
7 Below Hyrum Reservoir 32.1 1392 41°38.005’ -111°53.190’ 
8 Wellsville 35.8 1376 41°38.612’ -111°55.038’ 
9 Wellsville Lagoons 40.8 1356 41°40.003’ -111°55.353’ 
10 2200 South 46.9 1348 41°41.556’ -111°56.501’ 
11 Mendon Bridge 51.0 1347 41°43.120’ -111°56.690’ 
Station 1: Headwaters South Fork                           Station 2: Canyon South Fork 
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Station 3: Below Davenport Creek                       Station 5: Pishgah Road Bridge, Paradise, Utah 
Station 4: Near Avon, Utah, below the confluence with the East Fork 
 
 
Site	  5	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Station 6: Above Hyrum Reservoir – Electrofishing 
Station 7: Below Hyrum Reservoir  
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Station 8: Bridge crossing on the eastern edge of Wellsville, Utah 
Station 9: Below Wellsville Wastewater Treatment Lagoon 
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Station 10: Near 2200 South in Wellsville 
Station 11: Just above Bridge, Mendon, Utah 
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